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What fa the invention? 
Title; Hemodynamic Simulator 

2lS2?i3 * 5 i™*^ experioKsmaliy simulates the real bemodynaniic patterns of 
phyaobgic blood flow. Previous technology was limited to siinaJatlor^fSX 
o^ual components of hemodynamic forces. The kventioix^SS^ 

222? ^JTS. hemo *? nai ^ si^or em be used for cfioiealapp&S 
medical research, and phannaceuticai delivery and development aPPWatwns, 

Invention DearriptinTi 

Problem Definition; 

_ Cardiovascular disease is the leading cause of death in the US, costine millions of 
dollars per year. Atherosclerosis is the leadine cause of death in * s l„r!. ,f I 
ne^theleadi^ 

ad* hyoenensfon, dkbetes mellitus, hyperBpidemia, and m^S^SSSSb 

and consequently motivates further investigation into the role hemodySS to 
atherosclerosis. A inajor problem in coronary bypass surgery ^naSe?^ 

* S££ ^TZ? *"5 and , reSearCh P oims to *° hemodynamic foreef a^S^aior 
4U contributor to the failure. Hemodynamic forces rtbree* Hit* t„ h?^^ fl " , 1116 major 

influence bloodvesselst^crurear^ 
vessel endothelial cells (ECs), are importenT^ 

hemodynamic forces exposed to them: wall shear stress (WSSwS I JK,T 
per unit [surfece] area, and hoop stress, driven by SSSnSlS ESS*** 
pressure changes. Wave reflections in the circulation andSSeSSinL 
flow cause a phase difference, stress phase angle <SftS2^?S 2?5^S?« a 
vanes s.gnmcanrly throughout the c^ulatioTJis^^^ ZI L^ * ?A 
locations (ue. the outer walls of a blood vessel bifurcation* U^^T , 
been shown to dramatically aiter ^tb^SZT^i^^f' 
^ Cow SPA]- atheroprotective gene 

SPA] - atherogenic gene expression profile). There is a ereaTn^H J J^ V* 
biology m a complete, integrative, and ^S^hS^^S^^ ' 
DwpitethesignfficariCBofhemodyD^ws^dCS^ « 
especially at regions of the circulation withiSgh risk 5 iSSSSS^ 1 ^ 
diseases, detailed knowledge of the Cft mM~L ■ « localization of cardiovascular 
WSS and ™pr 3, • . combIned ^uence of the time varying patterns of 
21,(1 CS on EC biological response remains technologically iinfeasfcfc 

What's new Hfrnr the iny HWf ?r > 
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uncoupling of the major hemodynamic forces. WSS and ^ - ^ 

irnmmai medm volume demanded by cell and tissue ciW^SS 

The advantage of cett and tissue culture systems i$ that Ifae took of cell and 
molecular taology are easily ployed. The integrative approach to d2™ 
hcznody™ simulator raited fa a system th^cS^^^^ 
disassemble while maintaining cell culture integrity that » bm^Lti^Sj -, 

— -M-agc^resuits relevant to the normal and diseased caiuWular svstemT^ 
P ai^ush^dyiura* environment of the 

How the in vent^ p wnrlr ?I 

The new part of the invention is ihe uncoupling of pulsatile flow and ™,i«^u 
pressure^ provide independent control over WSsScs TZ!^? 
g^doxfcal since it is classically well k.own rC^^^^S — " 
However, » a dynarruc s^usoidal environment, flow and pressure caXuSpied 

drive iffCSEK^riCS' 8 ? Z ?S-' 

flow shaft drives two pfcL pumps £*^1&^!ff! Schera * Ic) ' ™* 
and are connected to the recSing flow^p StaES J!!^^ "J?***" 
section The flow shafl allows mde^ndTt cnS ^ ^? downstream of the test 
circumferential strain. Tta JJ3ffiS2L?S 'jS? ^atUe flow with no pulsatile 
1 SO degrees out-of-phnse, however X^lfi^S^ ^ 
test section and the other piston drive7th e e«enSI?^^ VpstKam t0 

allows for independent control oft lSt ST 6 " ^ f^*??^ 
circular cam that couples the two driveSs cm S'^L? ^ ^ts ° f *■ 
360deg) between tfo Amotions of S^SS^^!^Si!^^? m ^ 
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A videotape of a prototype hemodynamic simulator is provided to teh> ,-iwhm,. 
to concept of uncoupling pulsatile pressure and pSS flot frf^ 
toMiywf Simulator). FurttevaBdationofK^i^J^^^ 
synrironrzed and snmlUneous data acquisition of flow, diauJ^dS^ 

v^l^^geonKtnc and material proper^' YC, SSS IcKTSSf 


Potential BBnriftjfl 


system. The tube lengths^ cWters, rlbeftS P ^ 1 ^r ^^f, 1 ^,^ , 
^*«kn dimensions we^^ 

environment Auroclavable tubing and other SS^jS^^SSE^ 
hemodynamic simulator is a low cost model caoahfe aFo~SZ !r , & ^ 
hemodynamic force patterns &r ca^o^cnSS^h^^ 6 ? 6 CM * lBte ^ of 
g r-arch develop^ BB £ b^^/^^^^ 1 ^ "T" ° f 

| standard optional tool for ^vascuJresearcn^^^ a 

S current understanding of cardiovascular function and dk JcT ESlu , ^ 

U genetic strategies can be tested with the svS at ™.Sf !T ^Pharmacologic and 

U progression, development, and treatment. Healthy patients ca^W^^f?^ j . 


treatment. 

Improvement upon p ^ or technology * 


Prior technology focused on the individual effects of WSS or srmin ™ t?r- 
without flow. Bom types of syst^^^ 

^ coated wimECs was introdu^^ Asilfcone 
potential for simultaneous cojSpS^SS^SSS^ R *" 
tubes were used in flow simulators coupt^ SSS and \££Z , ' ^ 

phase angles (SPA) of about 90 degwiSbKSi ?^ ^ 8chfeve 
arteries (SPA = 250 deereert th* ™~h.v inadequate for simulating coronary 

beruodvna1a?cs^ 

configuration over a complete range of SPA? 3-dimeflAionsai 
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Roles of inventors: 

Tha advisor, John Tarbell, identified and clarified the problem of investigating 
the complete hemodynainic forces involved in nonnal and diseased vascular otology 
The design requirements and constraints, such as correct physiologic snnnfauba iterilnv 
and mimmal media volume, were provided by Dr Tarbell, as well as the validation of the ' 
relation of pulsatile flow and WSS. The student, Michael Dancu, designed, devefoned. 
consteuctcd, tested, and validated the system as vveUas adBtaa^uisftionsy^aad 


Appendix 


A list of research papers utilizing prior technologies is presented here. The device that 
smubtes fleady wall shear stress is a rod and plate system (Bertbiainiie and Francos 
1995), similar to a cone and plate system used in viscometers. Parallel flow chamber's 
simulate stcsdy flow u well (Chang YS, 1998). The device to simulate cyclic strain 
consists of a flexible membrane that is srretched via a motor or vacuum suction system 

**?**? t % 92; %?& t *' l990) - A d6ViCe t0 Simuhte P^3^?5» 
HSHHS^"?* T ^ ? 000 ' ^ ^ ^ °« permit a wide range of phase 
angles (SPAs) and Iwas difficult to use. An in vitro study verifies that simuMonofthe 
henwdynamic environment is critical to vessel patentcy and function (Seliktar et aL, 

I o^^d^r"^ ** * PCrtafning 40 ^ fa '" mto *™ f 
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